Introduction
We have reported a novel method to introduce a durable surface wettability and minimize its decay with time on several hydrophobic polymers, such as polyethylenenaphthalate, polyethylene, and nylon-12. [1] [2] [3] [4] [5] This method involves sorption of methylvinylether-maleic anhydride copolymer (VEMA) into the surface layer and immobilization by a plasma-assisted cross-link reaction.
Hydrolysis of VEMA follows to generate carboxyl groups on the surface. The durable hydrophilic surface can make several bio-application works.
One of them is the development of a novel fabrication of self-assembled phospholipid (phosphatidyl choline (PC)) layer on hydrophobic polymer surface. [6] Figure 1 shows the procedure to fabricate the self-assembled phospholipid layer.
Alkyl amines, such as hexamethylene diamine (HMDA), were immobilized on the durable hydrophilic film, LDPE-VEMAC film, by condensation reaction to produce LDPE-HE film. LDPE-HE film was immersed into the suspension of PC to form the self-assembled phospholipid layer, LDPE-PC-SA film.
The thermal stability of self-assembled phospholipid layer obtained depended on the density and length of alkyl amines immobilized onto LDPE-VEMAC. We also fabricated the self-assembled phospholipid layer incorporating stearic acid (StA), LDPE-StA-PC-SA. StA was used as a scaffold to fix a variety of bioactive compounds, such as proteins and antibodies. It was also shown that the self-assembled phospholipid layer possessed fluidity. On the other hand, it is well-known that a polyrotaxane is formed by the mixture of cyclodextrin (CD) and polyethylene glycol (PEG) in water, in which many CD units are threaded by PEG.
If two kinds of CD labeled with fluorescence dye to induce the fluorescence resonance energy transfer (FRET) were immobilized on the self-assembled phospholipid layer described above, polyrotaxane might be formed on this film by adding PEG. (Fig. 2) As the result of polyrotaxane formation, FRET might be observed, so that this method might be a new detection procedure of PEG. For example, when both ends of PEG were capped with bulky substituents, polyrotaxane could not be formed. If an enzyme could decompose one end, polyrotaxane could be formed to show the fluorescence due to FRET.
In this paper, we synthesized CD derivatives possessing Cy3 or Cy5 as FRET pair. We immobilized CD derivatives possessing Cy3 or Cy5 on LDPE-StA-PC-SA and observed the fluorescence intensity ascribed to Cy3 and Cy5.
Experimental

Fabrication of self-assembled phospholipid layer
The LDPE-VEMAC film was prepared according to the method reported previously. [6] Hexamethylene diamine (HMDA) was introduced into LDPE-VEMAC film by the condensation reaction. The LDPE film grafting HMDA, LDPE-HE, was soaked into various concentration of phosphatidyl choline (PC) suspension (10 ml) at 30 ºC. The film was washed with water, and dried in vacuo. The self-assembled PC layer incorporating stearic acid (StA) (LDPE-StA-PC-SA) was fabricated with PC suspension containing StA (10ml) in the same manner. The ratio of StA against PC was constant (PC:StA=1:6). 
Synthesis of per-6-amino--cyclodextrin·7HCl
Per-6-amino--cyclodextrin was synthesized according to the literature. [7] Per-6-azido--cyclodextrin (2 g) was dissolved in DMF (40 ml), and Ph 3 P (6.4 g) was added.
After 1h, concentrated aqueous NH 3 (7.5 ml, 28 %) was dropwisely added to the solution. It was stirred at room temperature for 18 h, and the resulting suspension was concentrated under reduced pressure to approximately 10 ml. The product was then precipitated by the addition of ethanol (100 ml). The precipitate was washed with ethanol and dried in vacuo to yield per-6-amino--cyclodextrin. Per-6-amino--cyclodextrin was suspended in 2ml of water. Diluted hydrochloride solution was added to this suspension up to pH 5. The solid was completely dissolved.
The solution was evaporated and dried in vacuo to yield per-6-amino--cyclodextrin·7HCl (Per-6-ABCD7HCl) (60 %). (Fig. 3) 
2.3
Synthesis of per-6-amino--cyclodextrin labeled with Cy3 or Cy5
To a aqueous solution of sodium carbonate (pH 9) was added Per-6-ABCD-7HCl (30 nmol). Cy 
2.4
Immobilization of per-6-amino--cyclodextrin labeled with fluorescence dye onto LDPE-StA-PC-SA film
The LDPE-StA-PC-SA film was soaked into phosphate buffered saline (PBS) (pH 7.4, 5ml) 
Measurement of fluorescence intensity
The surface fluorescence was monitored by confocal fluorescence microscopy (Zeiss LSM 700, Filters:BP 505-600, LP 640). Excitation wave length for Cy3 and Cy5 were 555 and 639 nm, respectively.
Results and Discussion
Immobilization of Per-6-ABCD possessing dyes onto the self-assembled phospholipid layer
We synthesized per-6-amino--cyclodextrin (Per-6-ABD) binding Cy3 or Cy5 (Per-6-ABCD-Cy3 or Per-6-ABCD-Cy5) as FRET pair.
Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5 were immobilized onto the self-assembled phospholipid layer in equal molar ratio. Figure 4 shows the fluorescence intensity of Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5 immobilized onto the self-assembled phospholipid layer. Excitation wave length for Cy3 and Cy5 were 555 and 639 nm, respectively. When the excitation wave length at 555 nm was irradiated at this film, the fluorescence ascribed to Cy3 was observed. But the irradiation with 639 nm gave no fluorescence ascribed to Cy3. In the case of the fluorescence of Cy5, however, the fluorescence intensity of Cy5 at the irradiation of 555 and 639 nm to this film was clearly stronger than those in blank film. This result was unexpected and indicated that FRET could be induced on this film between Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5. Therefore, as shown in Fig. 5 inclusion complexes might be formed. Guether and Reddington reported the formation of inclusion complex between -CD and a part of Cy3 or Cy5. [8] 3.2 Progressive changes in the fluorescence intensity by the addition of PEG It was suggested that the inclusion complex might be formed between Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5 immobilized onto the self-assembled phospholipid layer. If PEG was added into this system, the inclusion complex between Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5 might be decomposed for PEG to thread -CD. We added 1.5 nM and 15 nM PEG aqueous solution (1 ml) to the film immobilizing Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5, and measured the fluorescence intensity progressively. Figure 6 shows the progressive changes in the fluorescence intensity of Cy5 with the excitation wave length at 555 nm by the addition of PEG solution. The fluorescence intensity decreased in both cases. Although we measured the fluorescence intensity in supernatant, the fluorescence of Cy3 or Cy5 was not observed within a detectable extent. It was confirmed that the decrease of fluorescence intensity was not responsible for the elution of Per-6-ABCD-Cy3 or Per-6-ABCD-Cy5 from this film. In the case of 1.5 nM PEG aqueous solution, the fluorescence intensity decreased up to 4 h, and then gradually tended to increase toward a limiting value (ca. 45). The decrease of the fluorescence intensity might be ascribed to the decomposition of the inclusion complex between Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5, and the increase after the minimum value might be responsible for the formation of polyrotaxane or the reformation of inclusion complex. On the other hand, the increase of the fluorescence intensity was not observed in the case of 15 nM PEG solution. This result suggested that many PEG molecules might make the formation of polyrotaxane difficult to give the equal molar complex between PEG and Per-6-ABCD-Cy3 or Per-6-ABCD-Cy5, so that FRET could not be observed in this case.
Conclusion
The conclusions drawn from the present study can be summarized as follows. Inclusion complex between Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5 immobilized onto the self-assembled phospholipid layer was formed, so that FRET was observed.
The inclusion complex was decomposed by the addition of PEG. It was suggested that PEG could be detected with the present film and that the amount of PEG might depend on the decrease of fluorescence intensity.
We are now actively elaborating the high sensitive detection of PEG with the present LDPE-StA-PC-SA film immobilizing Per-6-ABCD-Cy3 and Per-6-ABCD-Cy5.
